We examined safety and efficacy of STI-571 in 24 bcr/abl-positive patients with CML post PBSCT. At start of STI-571 therapy, nine patients presented in blast crisis (BC) or in accelerated phase (AP), and 15 in chronic phase (CP). Patients were evaluated for hematologic, cytogenetic and molecular response, survival and toxicity. In general, STI-571 was well tolerated in this heavily pretreated group of patients with a non-hematologic and hematologic toxicity profile similar to that observed in a previous phase I trial at comparable doses. Five of nine patients with CML in transformation (AP, BC) were evaluable for hematologic response. Two of five patients had transient reductions in WBC and blasts, and three patients achieved a sustained hematologic response (Ͼ4 weeks). Cytogenetic analysis in these patients revealed numerical and/or structural responses. In CML chronic phase, STI-571 induced complete hematologic responses in all patients and major cytogenetic responses in 61% of patients with a complete cytogenetic response rate of 46%. This report indicates that STI-571 is a safe and effective drug in heavily pretreated patients. No apparent additional side-effects were noted in this patient cohort. The high rate of complete hematologic and complete cytogenetic responses in CP patients is remarkable, as intensive treatment approaches plus IFN-alpha failed to be efficient in achieving long-term stabilization of CML in this patient cohort.
Introduction
Allogeneic bone marrow transplantation still represents the only curative therapy for CML. 1 However, despite recent improvements in transplantation regimens and in management of transplantation-related complications, it is generally accepted that only about one-third of all CML patients is suitable for this therapy.
Therapeutic options in order to achieve prolongation of stable chronic phase are treatment with hydroxyurea, interferon-alpha (IFN-alpha) and low-dose Ara-C. Currently, IFNalpha represents first-line treatment for newly diagnosed CML patients in chronic phase, as it significantly prolongs survival. [2] [3] [4] [5] However, side-effects frequently limit the therapeutic use, and alternative therapies have to be chosen. [2] [3] [4] [5] Recently, high-dose chemotherapy followed by autologous peripheral blood stem cell transplantation (PBSCT) in highly selected patients has resulted in transient restoration of a Ph-negative hematopoiesis. 6 However, for most patients, remission is only of limited duration since Ph-positive stem cells either contami- nating the transplant, or surviving the conditioning chemotherapy, contribute to relapse of CML. 7 Taken together, there is still a considerable proportion of patients who cannot be treated efficiently by one of the above-mentioned therapeutic strategies due to age, side-effects or lack of a suitable stem cell donor. Therefore, new therapeutic modalities are warranted.
In 95% of CML patients, the somatic balanced translocation between the long arms of chromosomes 9 and 22 t(9;22)(q34;q11) is found, which leads to formation of the fusion bcr-abl tyrosine kinase. 8, 9 Two chimeric bcr-abl mRNA types have been identified, comprising either the b3a2 or the b2a2 junction of the bcr-abl gene and leading to expression of a 210-kDa fusion protein. 10, 11 This protein represents a constitutively activated tyrosine kinase, which is essential for malignant transformation in CML. [12] [13] [14] [15] Recently, specific targeted therapies such as vaccination, using a bcr-abl-derived peptide vaccine for T cell stimulation, and STI-571 have been developed (for review see Ref. 16 ).
STI-571, (Gleevec, imatinib mesylate, formerly CGP57148B), is an inhibitor of bcr-abl, platelet-derived growth factor receptor (PDGF-R), and c-kit receptor tyrosine kinases. 17, 18 These kinases are characterized by a so-called activation loop, which represents the catalytic active site. 19 In vitro and in vivo, STI-571 has a high affinity for the abl-kinase and binds to the ATP binding site of the tyrosine kinase. 19 The drug is highly bioavailable in oral form and showed a low rate of grade III/IV toxicity in phase I studies. 20, 21 Currently, the therapeutic effects and safety of STI-571 as a single agent are being investigated in phase II studies for bcrabl-positive CML patients. [22] [23] [24] Until now, no data concerning the feasibility, efficacy and toxicity profile of the drug in patients status post autologous PBSCT have been available. This report describes a cohort of 24 patients consecutively included in one of the STI-571 international multicenter trials. All patients had received extensive pretreatment with myelosupressive mobilization chemotherapy, followed by high-dose chemotherapy and autologous stem cell transplantation.
Our target was to assess toxicity, feasibility and clinical efficacy of STI-571 in this cohort of patients, and to investigate molecular responses using FISH and quantitative PCR analysis.
Materials and methods

Patients
Twenty-five CML patients, who had received prior treatment with mobilizing chemotherapy and high-dose chemotherapy followed by autologous PBSCT were enrolled in several international multicenter clinical phase II studies using STI-571 Tables  1 and 2 . During treatment, all patients were monitored regularly including peripheral blood counts, bone marrow evaluation, clinical chemistry and physical examinations.
The overall treatment results of four of these patients who were treated within the CSTI 571 102 and 109 trials, are given in two previous reports by the international STI study group, 22, 23 however, these reports do not contain any data on autologous PBSCT, quantitative real-time PCR and FISH analysis.
Assignment of disease status
Blast crisis (BC) was defined by at least 30% blasts in peripheral blood and/or bone marrow aspirates. Accelerated phase (AP) CML was defined as either у15% to Ͻ30% blasts in peripheral blood or marrow, or у30% blasts plus promyelocytes in peripheral blood or marrow (provided that Ͻ30% blasts were present), or у20% peripheral basophils, or thrombocytopenia corresponding to platelet counts of Ͻ100 × 10 9 /l, unre- Leukemia lated to therapy. Patients with karyotypic evolution suggesting advanced CML but without other evidence of accelerated phase were not eligible for enrollment into protocol 109 but were eligible for protocol 114. Criteria for accelerated phase CML were required to be demonstrated within 4 weeks prior to enrollment. Chronic phase (CP) patients either did not respond to IFN-alpha treatment (hematologically or cytogenetically) or were intolerant to IFN-alpha. They were characterized by having less than 10% blasts, less than 20% blasts plus promyelocytes, and less than 20% basophils in peripheral blood or bone marrow. In addition, patients should have no evidence of extramedullary leukemic involvement and no secondary cytogenetic aberration, other than t(9;22). Hematologic failures were defined as patients who were resistant to or who were refractory to treatment with IFN. Hematologic resistance was defined as failure to achieve a complete hematologic response of at least 1 month duration, following at least 6 months of treatment with IFN. Hematologic refractoriness was defined for patients with a rising WBC count to у20 × 10 9 /l (confirmed by two samples taken at least 2 weeks apart) while receiving IFN. Cytogenetic failures were similarly defined as patients who were resistant or who relapsed during IFN-based therapy. Cytogenetic resistance was defined as у65% Ph positivity in bone marrow after 1 year of IFN-based therapy. Cytogenetic relapse was defined for patients who had previously achieved a major cytogenetic response, as Ph-positive metaphases in bone marrow increased by at least 30% (confirmed by two samples at least 1 month apart), or increased to у65%. Intolerance to IFN was defined as any non-hematologic toxicity of grade у3 (as defined by NCI Common Toxicity Criteria) persisting for more than 2 weeks.
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Treatment with STI-571
In general, treatment was started at a dose of 400 mg STI-571 (Gleevec) daily for patients in CP and at a dose of 600 mg daily for patients in AP and BC. Doses were administered once a day. Study drug was supplied by Novartis (Nü rnberg, Germany) as 50 mg and/or 100 mg containing capsules. Three hundred milligrams of allopurinol was applied prophylactically. No additional chemotherapy was added to STI-571 treatment. Short interruptions of therapy were made in case of grade III-IV toxicities. According to the protocol, dose reductions were allowed in cases of recurrent side-effects.
Response evaluation
According to the study protocol for patients in CML BC and AP, complete hematologic remission required adequate bone marrow cellularity with a blast count of Ͻ5%, no peripheral blasts, ANC у1.5 × 10 9 /l, platelet count of у100 × 10 9 /l and no evidence of extramedullary involvement. No evidence of leukemia in peripheral blood and bone marrow, without full peripheral blood recovery required all of the following: blast count of Ͻ5% in bone marrow, no peripheral blood blasts, ANC у1.0 × 10 9 /l, platelet count of у20 × 10 9 /l and no evidence of extramedullary involvement. Return to chronic phase hematopoiesis required all of the following: blasts in peripheral blood or bone marrow Ͻ15%, percentage of blasts plus promyelocytes in peripheral blood or bone marrow Ͻ30% and peripheral blood basophils Ͻ20%. For patients in CML chronic phase, a complete hematologic response was defined as normalization of peripheral blood counts (WBC and platelet count ϽULN at the laboratory where the analysis was performed), with a normal WBC differential, and no immature granulocytes present.
Sample acquisition
Collection of patient samples was performed according to a protocol which was approved by the local ethics committee.
Real-time PCR and multiplex PCR
Bcr-abl PCR positivity and breakpoint characteristics of all CML patients were controlled before study entry using a nested PCR procedure as published elsewhere. 25 For followup of patients, after initiation of study medication, a commercially available quantitative PCR assay was applied using hybridization probes and detection on the LightCycler device (Roche, Mannheim, Germany). In brief, mononuclear cells (MNC) of blood or bone marrow samples were prepared and RNA was extracted using a commercially available kit (HighPure RNA extraction kit; Roche) or a standard protocol using tripure reagent (Roche). cDNA synthesis was performed according to the manufacturer's instruction and real-time PCR was performed using a defined amount of the transcription
STI-571 after autologous PBSC transplantation in CML
T Fischer et al 1223
SPOTLIGHT
product. Using a second PCR reaction as internal standard resulted in expression of bcr-abl levels relative to GAPDH levels in percent (copy number bcr-abl/copy number GAPDH × 100). To avoid interassay variation, samples of each patient were analyzed in a single run whenever possible. Three patients (patient numbers (PN) 16-18) were followed up by PCR according to Cross et al 26 and Emig et al. 27 
Cytogenetic analysis
Bone marrow samples were analyzed as described previously. 25 At least 15 mitoses were judged in each sample. Karyotypic reponse was evaluated according to the clinical study protocols: (% of Ph-positive mitoses) no response: 96-100%, minimal response: 66-95%, minor response: 36-65%, partial response: 1-35%, complete response: 0%.
FISH analysis
Fresh bone marrow aspirates and peripheral blood samples were cultured in RPMI 1640 medium supplemented with 10% fetal calf serum for 4-8 h. After centrifugation, cells were incubated in 0.075 mol/l KCl at 37°C for 10 min. Cells were fixed and washed in ice-cold methanol/acetic acid. Slides were prepared and treated according to the manufacturer's protocol. 
Results
Patients and treatment
Fourteen male and 10 female patients with a median age of 56 years (range 25-64 years), were included in this analysis. At start of treatment with STI-571, four patients were in blast crisis (three in myeloid BC and one in lymphatic BC) and five patients presented in accelerated phase (AP). Fifteen patients were included in chronic phase. Median time between diagnosis of CML and start of STI-571 was 64 months, with a range from 27 to 131 months. Median time between autologous PBSCT and start of STI-571 therapy was 36.5 months (7-105). Table 1 presents a summary of patient characteristics at study entry.
All patients included had been treated with at least one mobilizing chemotherapy. Disease history is summarized in Table 2 . Mobilization chemotherapy consisted of idarubicin combined with cytarabine or of ICE regimens as previously published. 25, 28, 29 Patient numbers (PN) 6 and 17 received two courses of mobilization chemotherapy due to insufficient harvest. Median time between diagnosis and mobilization chemotherapy was 10.5 months, (range 1-92 months). All patients had undergone autologous PBSCT.
Leukemia
Median time from diagnosis to autologous PBSCT was 21 months (range 5-93 months). Conditioning chemotherapy combinations for autologous PBSCT consisted of total body irradation (TBI) and cyclophosphamide (Cy), or IVT (idarubicin, VP-16, TBI (single dose)) as well as busulfan alone (BU) or in combination with melphalan (BU/Mel). Pretransplantation antileukemic therapies such as hydroxyurea (HU) and IFN-alpha are also summarized in Table 2 .
All patients with CML CP had failed IFN-alpha and/or hydroxyurea therapy post autologous PBSCT and were in cytogenetic relapse at the start of STI-571 (Table 3) .
At the time of data analysis, median duration of treatment for all enrolled patients was 28 weeks (range 5-68 weeks). Five patients have withdrawn from treatment due to disease progression (one patient in BC, one patient in AP) or death during therapy (two patients in BC, one patient in AP).
Efficacy CML in transformation:
Four patients with blast crisis and five patients in accelerated phase were included in this analysis. Due to short follow-up at the time of data analysis, 3/4 BC patients were evaluable for hematologic response. Of the three patients evaluable, two patients responded transiently with reductions in WBC and blasts and one patient achieved a sustained hematologic response (no evidence of leukemia). The clinical course of these patients was as follows: one patient in lymphatic blast crisis (PN6) and one patient in myeloid blast crisis (PN5) exhibited transient responses. These patients presented initially with a WBC of 105.6 × 10 3 /l (blasts 84%) and of 23.8 × 10 3 /l (blasts 73%), respectively. In both patients, a WBC of Ͻ1.5 × 10 3 /l with 0% peripheral blasts was achieved in week 4 and in week 6, respectively. However, both patients relapsed in week 8 and in week 10, respectively. Both patients had received prior chemotherapy regimens without satisfactory therapeutic response. PN1 (myeloid BC) experienced a sustained hematologic response and was followed up to week 68 (Figure 1a) . In week 37, this patient had no evidence of leukemia and a rising platelet count. However, the platelet and red blood cell counts decreased again in week 56 (Figure 1a) . The WBC showed 4% blasts, indicating relapse into blast crisis. The patient received an escalated dose of STI-571 with limited clinical benefit. Subsequently, STI-571 was discontinued and the patient received allogeneic unrelated stem cell transplantation, which he had refused in the past. The overall course of WBC, blasts, Hb and platelets is shown in Figure 1a .
At baseline, cytogenetic aberrations in addition to t(9;22)(q34;q11) were observed in all patients in blast crisis and in two patients in accelerated phase, but not in chronic phase patients. As an example, for patient PN1, results of FISH, cytogenetic analysis, and quantitative PCR since start of treatment are depicted in Figure 1b . The patient developed a major cytogenetic response at week 21. Secondary aberrations were no longer detectable by cytogenetics in week 36 and qPCR revealed a 1000-fold decrease in bcr-abl expression in weeks 21 and 36. Upon overt relapse into blast crisis in week 58 (Figure 1a) , cytogenetic karyotyping revealed 95% Ph-positive metaphases (Figure 1b) with reappearance of secondary aberrations. In parallel, FISH showed an increase in bcr-ablpositive cells from 20% to 65% and qPCR detected a significant increase of bcr-abl copies of more than 3 logs compared to this patient's best response.
Of the five patients in accelerated phase, two patients were evaluable for sustained hematologic response (due to short follow-up). They experienced 'return to chronic phase'. Cytogenetic and molecular analyses are available on two AP patients. One patient (PN3) showed no response and one patient showed a minimal cytogenetic response (PN7). In patient PN7 additional chromosomal aberrations were no longer detectable after 13 weeks of treatment.
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CML in chronic phase:
All patients in chronic phase had failed IFN-alpha and/or hydroxyurea post autologous PBSCT and were in cytogenetic relapse at start of STI-571 (Table 3 Follow-up results on cytogenetic responses are available for 13 patients and are presented in Table 3 . Complete and major cytogenetic responses occurred as early as 13 weeks after initiation of STI-571 treatment ( Table 3 ). The rate of major cytogenetic repsonse was 61% with 46% complete cytogenetic responses (Table 4) . Some degree of cytogenetic response was reported for 77% of patients (Table 4) . Among the eight patients who experienced a major cytogenetic response, five (62.5%) had achieved this response by week 13, at the first scheduled evaluation for cytogenetic response. Table 3 also presents results of FISH analysis and of quantitative PCR. In general, in patients responding cytogenetically there was a parallel decrease in bcr-abl-positive interphases and in bcr-abl-positive transcripts. At the time of data analysis, no patient in complete cytogenetic remission evaluated by quantitative PCR (PNs 4, 9, 11) tested negative for bcr-abl messenger RNA.
Safety
In general, STI-571 was well tolerated in patients after previous autologous PBSCT. The safety profile of STI-571 was similar to that observed in the previous phase I-II studies. Table 5 summarizes treatment related adverse events. The most frequently reported side-effects were mild nausea and vomiting (grade I/II toxicity) and occurred in 5/24 patients (21%) ( Table 5) . Overall, grade I/II toxicities were reported in 10/24 patients (42%). Some of the initial non-hematologic side-effects disappeared after 4-6 weeks of treatment. Hemorrhage grade IV and cardiac failure/edema grade III represented the only grade III/IV nonhematologic toxicities. One patient (PN5) developed a grade IV hemorrhage (subdural hematoma) while in blast crisis during a phase of grade IV thrombocytopenia. No elevations in liver enzyme levels of grade III or IV were observed. Table 5 also summarizes the incidence of grade III/IV hematologic sideeffects. Six patients with CML in transformation, and four patients with CML in chronic phase experienced grade III/IV neutropenia and/or thrombocytopenia. No significant infections were observed in patients experiencing grade III/IV neutropenia.
STI-571 was temporarily discontinued due to hematologic toxicity in four patients. In two patients, STI-571 had to be discontinued permanently due to cardiac failure/edema grade III and due to sustained thrombocytopenia grade IV, respectively.
Discussion
The bcr/abl selective tyrosine kinase inhibitor STI-571 binds to the ATP binding site of bcr/abl and downregulates its tyrosine kinase activity. 17, 18 STI-571 was shown to inhibit cell growth in bcr/abl-positive cell lines and in primary CML cells. 18, 30 These in vitro results encouraged clinical trials with STI-571. Excellent results from phase I trials give hope for improvement of therapeutic outcome for CML patients, especially for those not responding to IFN-alpha. 20, 21 In this analysis, safety and efficacy of STI-571 treatment was investigated in 24 patients who had received myelosuppressive mobilization chemotherapy followed by high-dose chemotherapy and autologous stem cell transplantation.
Overall, STI-571 was well tolerated. Forty-two percent of patients reported non-hematologic side-effects grades I-II. There was only one event of a non-hematologic grade III/IV toxicity which required permanent dose discontinuation. Mild nonhematologic side-effects such as nausea, vomiting and orbital edema usually occurred during the first weeks of therapy. In some patients, these symptoms ameliorated after the first 2 months of therapy without the need of dose reduction.
Six of nine (67%) patients in transformed phases of CML suffered from grades III-IV hematologic toxicity with low WBC, platelet counts and anemia requiring transfusions. In the chronic phase patient group, grade III/IV hematologic sideeffects were reported in 4/15 (27%) patients only. Thus, severe hematologic side-effects occurred more often in transformed phases of CML as compared to chronic phase. This suggests that in this cohort, STI-571-induced myelosuppression is related primarily to limited presence of residual bcr-abl-positive stem cells in advanced phases of CML and not to prior high-dose chemotherapy and TBI. Therefore, myelosuppression in CML blast crisis and acccelerated phase may be viewed as therapeutic efficacy in these cases. In this context it is interesting to note that STI-571-induced inhibition of c-kit-mediated hematopoietic signals is apparently not associated with additional hematologic toxicity in patients post autologous PBSCT. Concerning the management of hematologic side-effects in transformed Leukemia phases of CML, we have experienced no benefit in stopping STI-571 medication during thrombocytopenia or granulocytopenia as disease progression can hardly be controlled. Rather, it seems advisable to continue STI-571 treatment, repeat PB counts of high-risk patients frequently, and transfuse platelets and red blood cells. Evaluation of efficacy in patients with AP and BC revealed a therapeutic benefit in 5/5 evaluable patients. Three of five patients showed sustained hematologic responses.
All chronic phase patients achieved a complete hematologic response within 4 weeks. Only 27% of patients suffered from hematologic toxicity grades III-IV, with one patient having experienced similar episodes during previous therapy with hydroxyurea.
Molecular response evaluation by qPCR and FISH revealed appropriate correlation with classical cytogenetics. At 6 months, 61% of evaluable patients in CP showed a major cytogenetic response with 46% of patients achieving a complete cytogenic response. In addition, cytogenetics and FISH detected some minor and minimal responses.
These results compare favorably with cytogenetic response rates in the phase II STI-571 trial for chronic phase CML patients without prior PBSCT. 24 That study enrolled 532 patients who either failed IFN-alpha hematologically or cytogenetically or were intolerant to IFN. At 6 months, a major cytogenetic response rate was achieved in 40% of patients with 21% achieving a complete cytogenetic response. However, firm conclusions from a comparison of these studies cannot be drawn due to the limited number of patients in this trial and due to differences in baseline characteristics of patients.
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qPCR revealed a concordant decrease in bcr-abl levels and an increase preceding development of second blast crisis as shown in patient PN1. However, it remains to be shown in a Leukemia large patient population whether molecular methods are useful for predicting prognosis in response to STI-571. This is certainly of special interest for the long-term management of chronic phase patients. 31 As synergistic effects of STI-571 with Ara-C, and IFN-alpha, and with other cytostatics have been shown in vitro, 32, 33 the evaluation of these promising approaches will be the subject of further clinical trials. In the field of autologous transplantation, the therapeutic potential of autologous PBSCT may reach a new level of efficacy.
This report indicates that STI-571 is a safe and effective drug in patients post autologous PBSCT. In comparison to the results from phase II clinical trials, no apparent additional side-effects were noted in this patient cohort. However, the number of patients investigated is limited and the observation period is still short. Therefore, feasibility, toxicity and efficacy of PBSC purging using STI-571 followed by PBSCT plus posttransplant treatment with STI-571 needs to be evaluated carefully in phase II trials. In this patient cohort, STI-571 was able to induce a high rate of complete hematologic and significant cytogenetic responses, combined with good quality of life. This is even more remarkable, as intensive treatment approaches failed to be efficient in achieving long-term stabilization of the underlying disease in this patient cohort.
